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Gastrulation: Wnts Signal ConstrictionRecent work shows that Wnt signaling directly regulates the apical
constriction that drives gastrulation movements in Caenorhabditis
elegans, and also promotes invagination in sea urchins, providing a novel
and possibly conserved mode of developmental regulation.Andrew D. Chisholm
One of the best known aspects of
epithelial behavior is their ability to
invaginate or fold inward, tasks
they are normally first called on to
perform in the embryonic
generation of germ layers known as
gastrulation [1]. The origin of the
cellular forces leading to such
epithelial invaginations is one
of the oldest questions in
morphogenesis, and one of the
oldest ideas to explain it is known
as the apical constrictionmodel [2].
Invaginating cells often constrict
their apical surfaces and expand
their basolateral surfaces, leading
to a keystone or bottle shape in
cross section. The resulting ‘bottle
cells’ are known to play important
roles in invagination movements in
Xenopus [3] and in sea urchin
gastrulation [4]. Apical constriction
can also lead to ingression of
individual cells from an epithelium,
in which the bottle-like cells lose
adhesion to their neighbors and
detach from the epithelium. In all
these movements apical
constriction involves contraction
of an apical actin network by
non-muscle myosin. But a clear
picture of the specific role of apical
constriction in morphogenesis has
remained elusive, partly because
almost any morphogenetic
process involves multiple
redundant mechanisms: in sea
urchins, at least five distinct
processes are thought to occur
during invagination, of which apical
constriction is but one [5].
Despite being phylogenetically
widespread, apical constriction is
regulated in diverse cell and
organism specific ways. Classic
genetic studies showed that apical
constriction in Drosophila
gastrulation is regulated by the
folded gastrulation (fog) pathway[6,7]. Fog acts via an as-yet
unknown receptor via the Ga
protein concertina, which then
activates Rho kinase to cause
apical actomyosin contractions.
Yet, frustratingly, homologs of Fog
are not obvious in other species,
nor is Fog apparently required for
another epithelial invagination in
the fly, that of the salivary gland
placodes [8], suggesting that Fog
could play a very specialized role in
certain types of invagination. A
second pathway acting in apical
constriction involves the PDZ
domain protein Shroom, which
promotes vertebrate neural tube
closure via the Rap1 GTPase [9].
Shroom itself appears to be
vertebrate specific, although
related proteins are found in
insects [10]. The picture that we are
left with is of a basic cellular
process that can be triggered in
a variety of organism and possibly
cell-specific ways.
While a grand unified theory of
apical constriction still seems far
off, results from C. elegans
reported in this issue of Current
Biology [11], together with recent
findings in sea urchins [12] may
provide the first hints of regulatory
conservation. At first, C. elegans
gastrulation might appear an
unpromising venue to seek
conserved regulators of
morphogenetic movements.
C. elegans gastrulation has been
often considered unorthodox in
that it is not based on epithelial
invagination, but instead involves
‘ingression’ of non-epithelial
endoderm andmesoderm cells into
the interior (Figure 1A). Despite
this, recent analyses of gastrulation
in C. elegans reveal basic
similarities with invagination
movements in other animals: the
gastrulating cells have an
apical-basal polarity defined byPAR proteins [13], and most
importantly, their inward
movement involves apical
constriction [14]. So although other
force-generating processes
may be involved, C. elegans
gastrulation allows the role of
apical constriction in a
morphogenetic movement to be
dissected in relative isolation.
C. elegans mutant embryos
lacking PAR function show
reduced apical localization of
myosin, leading to delayed
gastrulation, suggesting that
additional regulators are involved.
Moreover, as all embryonic
blastomeres are polarized by the
PARs, cell polarity cannot explain
the specific triggering of apical
constriction in the endoderm cells.
To search for other regulators of
gastrulation Lee et al. [11] focused
on Wnt signaling, long known to
induce the endodermal fate [15].
Mutants lacking the Wnt signal
(MOM-2) or its Frizzled receptor
(MOM-5) fail to specify endoderm
and, as might be expected, fail to
gastrulate. The fate specification
defects are not fully penetrant,
however, allowing analysis of
escapers with normal endoderm
specification. Unexpectedly, such
embryos also failed to gastrulate.
This key observation suggests
that Wnt signaling might act
sequentially, first to specify
endoderm and then to promote
endoderm cell movement. Lee
et al. [11] have shown, in an elegant
series of blastomere dissociation
and recombination experiments,
that Wnt signaling can promote
gastrulation movements after
endoderm induction is complete.
C. elegans mutants such as
gad-1 fail to gastrulate yet express
endodermal fates, but most of
these mutations appear to affect
the cell-cycle delay of the
endoderm cells, rather than
gastrulation per se [16,17]. Lee
et al. [11] took pains to test whether
Wnt signaling might have
a similarly indirect role, via
Dispatch
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gastrulation. Artificial extension of
the cell cycle by low power laser
irradiation of the endoderm cells
can rescue the gastrulation defects
of gad-1mutants. But Lee et al. [11]
found that a similar delay of the
cell cycle does not rescue
gastrulation in a Wnt mutant,
arguing that the gastrulation
defects are not simply due to
a failure to extend the cell cycle.
While it is perhaps impossible to
exclude the possibility absolutely,
it seems unlikely that the
gastrulation defects of Wnt
mutants are secondary to some
partial defect in endoderm
specification.
To understand how Wnt
signaling promotes apical
constriction Lee et al. [11] turned
their attention to the putative
constriction motor, nonmuscle
myosin II. Unlike par mutants, Wnt
mutants localize myosin normally,
so Wnt signaling is unlikely to be
acting as a polarity cue. Instead
Wnt mutants show reduced
phosphorylation of the regulatory
myosin light chain, implying
a defect in activation of myosin
contractility. How might Wnt
signaling influence myosin light
chain phosphorylation? The worm
embryo uses a variety of
non-canonical Wnt pathways [18]
and experiments to determine
which is acting in apical
constriction have not yet been
definitive. Nevertheless, as the
output is in myosin activity,
a parallel may exist with the
non-canonical form of Wnt
signaling involved in Drosophila
planar cell polarity, in which
Frizzled activity causes myosin
light chain phosphorylation via Rho
kinase [19]. Interestingly, the fly
planar cell polarity pathway is
thought to reflectWnt-independent
activation of Frizzled receptors,
whereas the apical constriction
pathway in the worm is clearly
Wnt-dependent, suggesting that
differences in how the pathways
are invoked may explain their
different outputs in terms of cell
shape and polarity.
Two general questions are raised
by this work. First, is activation of
the Wnt pathway sufficient to
trigger apical constriction in the
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Figure 1. Wnt pathways in C. elegans and sea urchin gastrulation.
(A) Apical constriction inC. elegansgastrulation. TheC.elegansblastula consists of aball
of blastomeres arranged around a small blastocoel (greatly exaggerated in the diagram).
Endoderm is specified by an inductive signal at the four-cell stage (not shown). Gastru-
lation begins at the 28-cell stagewhen the two endodermprecursors (green nuclei) move
inwards at the ventral surface. In mostmommutants, both endoderm specification and
gastrulation movements fail; in some animals gastrulation fails despite apparently nor-
mal specification of endoderm. (B) Wnt pathways in planar cell polarity and C. elegans
and sea urchin gastrulation. In C. elegans, the Wnt MOM-2 is expressed by the P2 blas-
tomere and interacts with the MOM-5 Frizzled receptor on the EMS blastomere, leading
to polarization of EMS, specification of endoderm, and delay in the cell cycles of endo-
derm precursors. As discussed in the text, Lee et al. [11] provide evidence for a later
role for Wnt signaling that triggers ingression of the E daughter cells. This pathway
requires Disheveled function and ultimately effects phosphorylation of the regulatory
myosin light chain. In sea urchins the Frizzled receptor Fz5/8 is expressed in a subset
of SMCs [12]. Loss of Fz5/8 function leads to failure of invagination, a phenotype that
can be suppressed by activation of Rho.blastomeres? In classical terms, is
the role ofWnt signaling permissive
or instructive? Elucidation of therelevant pathway may allow tests
of sufficiency by ectopic
expression of the relevant proteins.
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extended to other animals? Some
tantalizing evidence for
conservation comes from a recent
report that a Frizzled receptor is
required for invagination
movements in sea urchin
gastrulation, and that this is
mediated by a planar cell
polarity-like pathway [12].
Although apical constriction was
not directly examined, a plausible
explanation of the failure of
invagination is that cell shape
changes have failed to initiate,
suggesting that a Frizzled/planar
cell polarity pathway promotes
apical constriction in sea urchin
gastrulation. Whether this requires
a Wnt signal, as in C. elegans, is
not yet known. As some form of
Wnt signaling specifies the fate of
the gastrulating endoderm in many
animals, the use of a common
inductive signal for cell fate and cell
movement could ensure their close
coupling in this most important of
morphogenetic events.
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would be maintained. A number of
suggestions have been made for
potential benefits of sexual
reproduction that could offet this
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increases genetic variation by
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partners, thus facilitating
adaptation, and outwits mutation
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evolve and be successful. Recent
research on a small and rather
unassuming neotropical fish
suggests that such a combination
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cross-breeding has a profound
